ABSTRACT Introduction: U.S. policy on interoperable HIT has focused on increasing inter-system (ie, between different organizations) health information exchange. However, interoperable HIT also supports the movement of information within the same organization (ie, intra-system exchange). Methods: We examined the relationship between hospitals' intra-and inter-system information exchange capabilities among health system hospitals included in the 2010-2014 American Hospital Association's Annual Health Information Technology Survey. We described the factors associated with hospitals that adopted more intra-system than inter-system exchange capability, and explored the extent of new capability adoption among hospitals that reported neither intra-or inter-system information capabilities at baseline. Results: The prevalence of exchange increased over time, but the adoption of inter-system information exchange was slower; when hospitals adopt information exchange, adoption of intra-system exchange was more common. On average during our study period, hospitals could share 4.6 types of information by intra-system exchange, but only 2.7 types of information by inter-system exchange. Controlling for other factors, hospitals exchanged more types of information in an intra-system manner than inter-system when the number of different inpatient EHR vendors in use in health system is larger. Conclusion: Consistent with the U.S. goals for more widely accessible patient information, hospitals' ability to share information has increased over time. However, hospitals are prioritizing within-organizational information exchange over exchange between different organizations. If increasing inter-system exchanges is a desired goal, current market incentives and government policies may be insufficient to overcome hospitals' motivations for pursuing an intra-system-information-exchange-first strategy.
INTRODUCTION
A long-standing and repeated goal of U.S. health policy has been to increase patient information exchange in hopes of improving efficiency and performance. 1, 2 Information exchange is fundamentally the movement of relevant content, such as data and information, between different actors' information systems. 3 Historically, health care's isolated information systems, inconsistent methods of storage and representation, and incompatible transport formats prohibited the effective movement of patient information. As a result, health care professionals routinely did not have access to prior patient information from other institutions, 4 could not effectively share information with other providers, or even effectively obtain information from other facilities within their own organization. Interoperable health information technology (HIT) attempts to address these barriers through standards for data, transport, security, and terminologies, so that information may be consistently and accurately exchanged. [5] [6] [7] Evidence indicates that interoperable HIT adoption is growing 8, 9 and that patient information is increasingly accessible for care delivery, quality improvement, and public health purposes. 10 Much of the policy focus on interoperable HIT has been on the exchange of patient information between actors from different organizations, also known as inter-system health information exchange. 2, 11, 12 Nevertheless, interoperable HIT can also be used to support the movement of information within the same organization (ie, intra-system information exchange). 12 This is a noteworthy fact because many health care organizations, especially health systems,
have not yet mastered their intra-system information exchange challenges. As a case in point, the practice of adopting multiple noninteroperable specialty-focused information systems (eg, pharmacy or radiology systems) can create inefficiencies in information sharing between departments within organizations. [13] [14] [15] [16] Likewise, patient information could still be difficult to access within a single health system due to the use of different electronic health record systems (EHR) in ambulatory, inpatient, and emergency settings. 17, 18 In similar fashion, through mergers and acquisitions of hospitals and practices, a single health system may have multiple HIT systems in use at the same time. 19 While policy and incentives encourage inter-system exchange, health care organizations also face the choice to invest in interoperable HIT in support of intra-system information exchange needs. Given that interoperable HIT supports both inter-and intrasystem information exchange, and both are needed to effectively support patient care, is there evidence that health care organizations pursue one form of investment more than the other? That is, do health care organizations prioritize the adoption of interoperable HIT to intra-system information exchange? The mere fact that information from intra-system and inter-system exchange can be combined to create comprehensive patient information does not imply that the decision to adopt and pursue each approach functions in a complementary manner. Nevertheless, an organization choosing to make intra-system information exchange the larger focus of its interoperable HIT strategy makes intuitive sense. Furthermore, some evidence indirectly suggests that organizations may prefer to adopt intra-organizational capabilities. For example, qualitative research suggests that hospital leaders see the need to assure that intra-system information sharing capabilities are in place before inter-system information exchange is adopted. 19 Similarly, the lack of a clear return on investment 20 and the obvious externalities that arise from sharing information with other providers may motivate health care organizations in competitive markets to pursue inter-system information exchange less vigorously. 21, 22 Additionally, the rise of enterprise EHRs, which integrate all information systems into one single vendor's product within an organization, suggests organizations' emphasis may be on addressing intra-system information exchange needs first. 23 Moreover, surveillance data suggests that even though interoperable HIT adoption of some kind is becoming nearly ubiquitous, intra-system information sharing is more common with intersystem information exchange activity still lagging behind. 8, [24] [25] [26] This investigation seeks to quantify the relationship between health care organizations' intra-and inter-system information exchange adoption and to examine sources of heterogeneity. Specifically, we test the hypothesis suggested by qualitative research on hospital strategy and quantitative research on the effects of competition, that health system member hospitals adopt intrasystem exchange more than inter-system exchange. Quantifying the relationship between intra-and inter-system information exchange adoption provides insights into organizational strategy and informs the effect of policies intended to increase interoperable HIT usage.
METHODS
We examined the relationship between hospitals' intra-and intersystem information exchange adoption in a sample of health system hospitals included in 5 years of health IT tracking surveys. First, we described the overall trends in intra-and inter-system information exchange adoption among U.S. hospitals that belong to health systems. Second, we described the factors associated with hospitals that adopted more intra-system exchange capability than inter-system exchange capability. Third, we explored the extent of new information exchange capability adoption among a subset of these hospitals that reported neither intra-or inter-system information capabilities at baseline. 
Data

Sample
The study sample was limited to hospitals that are health system members and responded to both the AHA and HIT surveys. The AHA HIT survey is considered a reliable and valid instrument for assessing hospitals' HIT usage, 27 however, response rates are lower than in the annual overall survey. 28 Additionally, respondents do differ from non-respondents, with the HIT survey underrepresenting small and for-profit hospitals. 29, 30 The sample was limited to non-federal hospitals in the lower 48 states. Membership in a health system was required in order to measure intra-system exchange as this concept specifically refers to information exchange among different hospitals and organizations within the system. Hospitals had to respond to at least two years of the AHA and HIT survey to be included in the panel. The sample included a total of 8540 hospital-years, representing 2432 unique hospitals.
Measures of Information Exchange Capability
To assess inter-system information exchange adoption, respondents to the AHA HIT survey indicated their hospital's ability to electronically exchange/share patient demographics, laboratory results, medication histories, radiology reports, and/or clinical care records with hospitals or ambulatory care providers outside their system. Intrasystem information exchange capability was assessed by parallel questions about the hospital's ability to electronically exchange/ share patient information with hospitals or ambulatory care providers "inside" their health system. We used these variables to create indicators of any ability to share information via intra-or intersystem exchange, counts of the number of aforementioned information types that could be shared via intra-and inter-system exchange, and a binary indicator of more intra-system exchange capability (ie, a greater count of information types) than inter-system information exchange capability in a given year. Because this article's focus is on interoperable HIT policy, hospitals had to report having at least a basic EHR 29 in order to report information exchange capabilities.
Other Measures
Hospital factors included those structural characteristics known to be associated with technology and HIE adoption such as service type (general acute care, specialty, children's, long-term, psychiatric and rehabilitation), control (nonprofit, public, or for-profit), bed size, and rural/urban status. 21, 31, 32 In order to explore the role of potential constraints on technology adoption decisions for the hospitals in the sample, we relied on health system cluster types. Cluster types (centralized, moderately centralized, decentralized, independent hospital system, and unclassified) describe the various dominant combinations of service diversification and centralization of decision-making observed across health systems in the U.S. 33 Cluster types have been associated with EHR 34 and HIE adoption. 26 For example, centralizing decision-making to the system level, instead of decentralized at the member hospital level, may delay technology adoption. 35 Annual health system size was measured as the total number of hospitals within the system. Increasing system size could indicate a business and clinical need for intra-system exchange. We also measured annual market concentration using the HerfindahlHirschman Index (HHI) at the hospital referral region level. The HHI was based on the shares of admissions (as reported in the AHA survey) among general acute care hospitals only and categorized as low concentration, moderate concentration, and high concentration. Previous research suggests competition is a barrier to hospitals' participation in inter-system information exchange. 31 We also included the state in which each hospital was located because there may be differences in policies that may or may not support HIE. 36 
Analysis
Following previous analyses of AHA survey data, 32,37 individual responses were weighted to adjust for non-response bias using inverse-probability weights. 38 Frequencies and percents described the study sample at baseline (defined as the first year included in our study panel, 2010). Changes in the annual prevalence of intra-and inter-system information exchange were graphed and assessed using the Cochran-Armitage trend test. Annual prevalence and assessment of changes over time, were stratified into general acute care hospitals and all other hospitals. Specialty, children's, long-term, psychiatric, and rehabilitation hospitals were largely ineligible for EHR incentive payments under the 2009 HITECH Act, 39 and as a result their usage of interoperable HIT and health information exchange adoption is significantly different than that of general acute care hospitals. 32 Hospital HIT researchers generally do not analyze general acute care hospitals and these specialty hospitals together (eg, 29, 30, 40 ). We fit random-intercept probit regression models to describe the factors associated with a greater extent of intra-system information exchange adoption compared to an equal or greater number of information types exchanged by inter-system exchange. We included random intercepts for each hospital and each health system to account for the repeated and nested nature of the data, a series of state dummies to account for any differences in state policy environments, and year dummies to account for temporal trends in adoption. We presented both unadjusted and fully-adjusted results. Models were limited to general, acute care hospitals due to the small size of specialty hospitals (but results for specialty hospitals are provided as an Appendix). To facilitate interpretation, we presented coefficients as marginal effects at the means.
Lastly, we explored in detail the subsample of hospitals that advanced from having no health information exchange capability at baseline observation (neither intra-or inter-system) to having at least some exchange capability at their next observation period (n ¼ 1147). We report the weighted prevalence of the different types of information shared by intra-and inter-system exchange and the mean number of information types shared. Again, we stratified by general acute care and all other specialty hospital types.
RESULTS
Reflective of the overall structure of the U.S. health care system, hospitals in the sample were mostly general acute care (74%), nonprofit (65%), in urban areas (74%), and commonly had more than 100 beds (Table 1) . Decentralized systems, where decision making and services are not centralized at the system-level, were the most frequently represented health system type (44%). At baseline, information exchange capability was not common, with 3 out of 4 hospitals reporting neither intra-nor inter-system information sharing. Approximately 15% of hospitals could share information through both intra-and inter-system exchange. More hospitals could share only intra-system (9%) than could share only inter-system (<1%).
Trends in Health Information Exchange Adoption
Over time, exchange capability has increased significantly. The percent of general acute care hospitals annually reporting inter-system information exchange capability increased from 12.5% to 71.4% between 2010 and 2014 (p < .0001), intra-system exchange capability increased from 20.0% to 83.0% (p < .0001) (Figure 1 ). Both inter-system (p < .0001) and intra-system (p < .0001) capabilities among specialty hospitals also increased significantly over time.
However, each year the intra-system and inter-system information exchange adoption rates were much lower than among general acute care hospitals (p < .0001 each year). For all hospital types, intersystem information exchange lagged behind intra-system exchange capability each year.
Sample
Factors Associated with Hospitals Adopting More Intra-system Information Exchange Capability
Over the complete study sample of hospitals that had adopted information exchange: 50.7% had adopted more intra-system exchange; 46.7% had adopted both intra-and inter-system exchange to the same extent; and 2.6% had adopted more inter-system exchange. Table 2 (column 1) displays the probit coefficients describing the association between hospital characteristics and more intra-system information exchange without controlling for repeated measures, health system, and hospital state. The marginal effects at the means for each of these unadjusted coefficients is presented in column 2. Without controlling for other factors, compared to small hospitals, hospitals with more than 300 beds were 6.6 percentage points less likely to report more intra-system exchange. That is, larger hospitals had as many or more types of inter-system information exchanged. In addition, reflective of the overall increasing trends in health information exchange adoption, in later survey years, hospitals were less likely to have more intra-system exchange than inter-system exchange.
In the fully adjusted model (Table 2 column 3), larger hospital size continued to be negatively associated with more intra-system exchange adoption. After controlling for the other factors in the model, compared to centralized system members, hospitals that belonged to decentralized systems were associated with more intersystem exchange (b¼À0.314; 95%CI¼ À0.624, À0.003). That is, compared to centralized systems, decentralized systems had a 12.2 percentage point lower probability of reporting more intra-system exchange than inter-system exchange (Table 3 column 4). Independent hospital systems were also associated with more inter-system exchange (b¼À0.407; 95%CI¼ À0.802, À0.012). Controlling for other factors, as the number of different inpatient EHR vendors in use in health system increased, hospitals tended to share more types of information by intra-system exchange (5.3 percentage points higher) than they could by inter-system exchange (B ¼ 0.133; 95%CI ¼ 0.041, 0.225).
Comparison of Initial Health Information Exchange Activity
Among the subset of hospitals that advanced from having no health information exchange capability at baseline observation to having new exchange capability for at least one type of information at the next study observation period, adoption of intra-system exchange capabilities was much more common (Table 3 ). In addition, intrasystem exchange was associated with the capability to exchange more types of information. This was true for both general acute care and specialty hospitals. After adopting information exchange, general acute care hospitals on average were able to share more than four of the five types of information by intra-system exchange (mean ¼ 4.6). In comparison, hospitals were able to exchange fewer types of information by inter-system exchange (mean ¼ 2.7; p < .0001). Medication histories (43%) and clinical care records (44%) were the least common information types shared by inter-system exchange. After adopting information exchange, specialty hospitals on average adopted more intra-system information sharing (mean ¼ 4.4) than inter-system information sharing (mean ¼ 2.3; p < .0001).
DISCUSSION
Consistent with the U.S. goals for more widely accessible patient information, such as through the HITECH Act and the Office of National Coordinator (ONC)'s Strategic Plan, hospitals' adoption of intra-system and inter-system information exchange for both general and specialty hospitals have increased substantially. However, less consistent with the national ideals of widely accessible patient information was hospitals' prioritization of information exchange capabilities. We hypothesized that health system member hospitals would adopt intra-system exchange more than inter-system exchange and the findings supported this assertion. This study indicates hospitals have adopted intra-system forms more frequently during 2010 to 2014 than inter-system information exchange and hospitals adopting exchange capabilities could exchange more types of data through intra-system exchange than inter-system exchange. The overall trends in information exchange adoption suggest hospitals do not view intra-system and inter-system information exchange as complements, but instead first address information exchange within the organization.
Hospitals' adoption of an intra-system information exchange first approach does have beneficial features. For one, our findings indicate when hospitals do adopt technology to address information exchange within the organization, their resulting capability to exchange many different types of information is generally comprehensive. For hospitals that had newly adopted intra-system exchange, the vast majority of hospitals reported the capability to share demographics, laboratory results, medication histories, radiology reports, and clinical care records within the organization. The ability to share a large number of different information types has potential benefits for organizational efficiencies 41 and can support clinical decision support systems. 42 In addition, intra-system information exchange fulfills pressing operational and business needs posed by a multi-vendor EHR environment. 19 Similarly, our finding that as the number of different inpatient EHR vendors in use in the system increased, so did the probability that hospitals possessed more intrasystem than inter-organization exchange capability is consistent with hospitals' focus on addressing operational and business needs. While lagging behind intra-system adoption, the overall increase in inter-system exchange capability over the study period is a positive from a national policy perspective. Current statements like the Medicare Access and CHIP Reauthorization Act of 2015, 43 information blocking prohibitions, 44 and the 21 st Century Cures Act of 2016 45 clearly favor the adoption of inter-system information exchange. Moreover, inter-system information exchange has the potential to increase quality and create cost savings for the nation as a whole 46 and rectifies the fragmented information created by patients seeking care from different health systems, care sought during travel, or displacements created by disasters. 47, 48 The overall increasing trend towards a higher prevalence of inter-system exchange capabilities, however, may mask important differences. As noted above, hospitals that newly adopted intra-system exchange had the capability to share nearly all types of information. In contrast, when hospitals newly adopted inter-system exchange, they had the capability to exchange far fewer types of information. This was particularly the case for medication histories, which are critical for patient safety and clinical care records which support population health management. 49 Hospitals' prioritizing internal information needs may be explained by several factors. Principally, organizations generally endeavor (or need) to prioritize internal efficiencies prior to engaging in information exchange with any trading partners. 50, 51 Moreover, adoption and implementation is a multi-step, resource intensive, and complicated process. 52 Given difficult choices about the allocation of finite resources, 19 these findings suggest that health systems prefer to address intra-system needs over working to foster information sharing capability with other organizations. In addition, trends within health care towards accountable care organizations (ACOs) and population health may be proving to be less powerful drivers than hoped. Researchers and advocates have noted that such payment reform initiatives may spur hospitals and health systems to embrace inter-system exchange as a means of better managing risk by facilitating access to information on patients who seek care from other providers. 53 Nevertheless, vertical integration, narrower provider networks, bundled payments, and ACOs also require intrasystem information sharing to minimize patient encounters and use of services with external providers. 19 These broader trends in health care may indeed lead to more widespread inter-system information sharing, but they do not necessarily eliminate the reasons to prioritize intra-system information sharing. However, it is noteworthy that hospitals with greater autonomy around technology decisions, ie, decentralized system members and independent hospital systems, were more likely to adopt more inter-system information exchange.
While these data cannot go beyond showing the association between greater autonomy and inter-system information exchange, it is possible that this reflects differences between system-level and hospitallevel strategies and needs (eg, the system's need for comprehensive patient information from member hospitals for population level analytics and a hospital's need to exchange information with a neighboring hospital to identify frequent emergency department utilizers).
Similarly, other very effective use cases for information exchange, like public health reporting or event notification services, either do not require partnerships with competing organizations or can be accomplished using less-than-interoperable, basic admissiondischarge-transfer systems, which again does not necessarily increase inter-system information exchange adoption. U.S. policy goals of "improving the health and well-being of individuals and communities" and having health information "that is accessible when and where it matters most" 54 may not be realized without directly addressing the forces encouraging, and trend towards more, intra-system exchange. This study has several notable limitations. First, our measure of intra-system information exchange is limited to information exchange across hospitals or practices within a single system. Because of the nature of the AHA survey questions, we could not assess intra-system information sharing within organization, such as sharing between departments, nor did we have sufficient information to identify health systems with a single instance of an EHR (compared to those with multiple instances from the same vendor across facilities). Also, we are limited to the categories of information types asked on the survey, and we do not know to what extent these categories were viewed as mutually exclusive by respondents. For example, clinical care records might include medications or other results. In addition, and critically, this analysis measured only the adoption of health information exchange capabilities and on the actual sharing of information. However, even when hospitals have inter-system information exchange capability, the extent of information sharing tends to be low. 8 Therefore, the actual amount of inter-system information exchange is likely less than suggested by this study. Moreover, measures of adoption or capability do not address the quality of the information, the number of exchange partners, or the use of the exchanged information. This last feature, the actual integration of exchanged information into the organization's EHR, is probably the most critical component of interoperability. However, the integration of information from other organizations is difficult, often resisted, 55 and not common in health care. 56 In contrast, integration may be more frequently realized in the case of intra-system exchanged information, which again pits the two approaches against each other for organizational prioritization. 19 Making inter-system exchanged information easier to access and a seamless part of the whole patient record remains a key step to increasing demand and use of inter-system information exchange. 57 Lastly, new information sharing agreements and governance within the EHR vendor community came after this study period. 58 However, even this may have a muted effect on the implementation of widespread inter-system exchange, because hospitals and health systems have traditionally promoted EHR vendor-mediated information exchange as an alternative to broad inter-system exchange. 59 Inter-system information exchange is a goal of U.S. health care policy. However, hospitals are actually prioritizing intra-system information exchange. Current health care policies and trends do encourage inter-system exchange, but they may be insufficient to overcome hospitals' motivations for pursuing an intra-systeminformation-exchange-first strategy. 
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